A protocol based on the polymerase chain reaction (PCR) is the most sensitive method for detecting mycobacteria in clinical samples. However, few studies have assessed the usefulness of this method in the diagnosis of tuberculous effusion. We developed a highly sensitive and specific nested PCR method, that amplifies the bovine tuberculous MPB70 gene and the mycobacterial 16S rRNA gene for use in detecting Mycobacterium tuberculosis (M. tuberculosis) and mycobacteria, respectively, in clinical samples. We determined the sensitivity of this method for detecting mycobacteria in samples containing known amounts of mycobacterial DNA and in DNA extracted from pleural effusions obtained from 10 patients with pulmonary tuberculosis in whom standard microbiological techniques had detected mycobacteria in sputum but not in pleural effusion. The nested PCR method for the bovine tuberculous MPB70 gene and the mycobacterial 16S RNA gene was able to detect M. tuberculosis and mycobacterial genomes only if there were at least 2 copies per sample. Positive results for M. tuberculosis and the mycobacterial genomes were obtained by nested PCR in 2 of 10 and in 3 of 10 samples of pleural fluid, respectively but no mycobacteria were detected in malignant effusions obtained from 9 patients with lung cancer. The nested PCR method represents a rapid means for detecting mycobacteria in some pleural effusions previously found to be negative by cluture. We speculate that the reaction of the host against mycobacteria is more important than the mycobacteria themselves in the pathogenesis of pleural effusion in which mycobacteria are not detected.
Results
The 2-step PCR with nested primers was more sensitive than the conventional PCR for detecting mycobacterial DNA sequences in serially diluted DNA samples (Fig. 1) . Nested PCR was at least 10 times more sensitive than conventional PCR, and could detect 0.01 pg (two copies) of genomic DNA for M. tuberculosis and mycobacteria. Because of the increased sensitivity, we were able to use simple agarose gel electophoresis and ethidium bromide staining.
All the pleural fluid specimens obtained from patients with pulmonary tuberculosis and lung cancer were negative for mycobacteria on direct microscopic examination and culutre. The results of PCR and the representative clinical data of these patients are shown in Table 2 . A patient was considered positive if 1 of 2 different samples gave a positive result. All samples were negative by conventional PCR. However, by nested PCR, 3 of the 10 patients with pulmonary tuberculosis were positive for 16S rRNA PCR, and 2 of these 3 were also positive for MPB70 PCR. The concentrations of lactate dehydrogenase and adenosine deaminase in pleural fluid were higher in the 2 patients who were positive by MPB70 PCR than in the patients who were negative by that PCR. In samples from patients with lung cancer, no band was detected by PCR for either the MPB70 gene or the 16S rRNA gene.
Discussion
We previously described 2 PCR methods") that amplify the bovine tuberculous MPB 70 gene and the mycobacterial 16S rRNA gene for use in detecting M. tuberculosis and mycobacteria, in sputum , respectively. This combination of PCR abilities was available to differentiate M . tuberculosis from nontuberculosis mycobacteria. In the previous study, we investigated the correlation between results obtained by the conventional PCR and bacteriological methods in 311 samples of sputum from cases of suspected mycobacteriosis.
The PCR method detected 12 cases of infection with M . tuberculosis and 4 cases of infection with atypical mycobacteria in 17 specimens that were positive by bacteriological methods, but failed to do so in one case. Among the 294 specimens that were found to be negative by bacteriological methods, the PCR method detected 13 and 8 cases of and atypical mycobacteria, respectively. These results were confirmed by use of commercial DNA probes or by investigation of the clinical background of the patients. The PCR method did not detect mycobacterial DNA in 197 samples of sputum from normal subjects not suspected of having mycobacteriosis.
These results indicated that our previous methods of PCR are highly specific for M. tuberculosis and mycobacteria , respectively, and are also sensitive enough to detect small numbers of copies of mycobacterial DNA in sputum, which could not be detected by bacteriological methods. In this study, we extended our previous method of PCR and developed a more sensitive and specific PCR protocol, i.e., nested PCR, in which the outer primers were the same as those used in previous PCR methods . Figure 1 shows that nested PCR for both the rRNA and MPB70 genes was at least 10 times more sensitive than conventional PCR and could detect as few as 2 copies of mycobacterial DNA . therefore, the sensitivity of nested PCR in this study is at least 10 times more sensitive than that of the previous study . Using this very snesitive method, we investigated pleural fluids in which bacteriological methods did not detect mycobacteria for the presence of mycobacterial DNA , and evaluated the usefulness of nested PCR. Table 2 shows that although conventional PCR did not yield positive results , nested PCR showed 3 patients to be positive for 16S rRNA, and that 2 of these 3 patients were also positive for MPB70. In each of these 2 patients, 1 of 2 different samples yielded a positive result by both MPB70 and 16 S rRNA PCR, while the other sample gave a negative result with both methods of PCR. We propose 2 reasons for the discrepant results in 2 samples from the same patient, and for the low prevalence (20%) of M, tuberculosis DNA in pleural fluids from patients with pulmonary tuberculosis that was definitely diagnosed by sputum culture. The first reason is that most of the DNA in pleural effusion was already degraded and inappropriate for PCR. The second is that the reaction of the host against mycobacteria may be more important than the mycobacteria themselves in the pathogenesis of tuberculous pleuritis. Using conventional PCR and Southern blot hybridization, Pao et al.") found M. tuberculosis in 8 of 37 (22%) samples of pleural effusion, while mycobacterial culture failed to detect any mycobacteria in the samples. All the specimens they tested had been collected from patients with clinical signs of tuberculosis, including characteristic radiographs or typical clinical manifestations of the disease, or a positive history of exposure to tuberculosis, an actual history of tuberculosis, and/or clinical response to anti-tuberculosis chemotherapy. In the present study, the diagnosis of pulmonary tuberculosis were all confirmed by sputum culture. Although there may be some differences between this study and that of Pao et al. in the reliability of clinical diagnosis of pulmonary tuberculosis, we demonstrated almost the same rate of positivity. Nested PCR showed that 1 of the 3 patients who were positive for 16S rRNA was negative for MPB70. Mycobacteria other than M. tuberculosis may be present in pleural effusion obtained from patients with pulmomary tuberculosis or the number of compies of M. tuberculosis DNA was too low for MPB70 PCR. It is unlikely that the positive results were caused by contamination, because negative controls run with each batch of samples failed to detect any contaminating DNA, and the results of PCR for 20 specimens from patients with lung cancer, including 8 specimens from 1 patient that were tested twice, were all negative.
In summary, we have shown that mycobacteria can be detected in pleural effusion by PCR carried out with 4 sets of nested primers and by simple visualization in agarose gels. For samples of pleural effusion, PCR analysis should be repeated or carried out on separate samples from the same individual, because the number of copies of mycobacterial DNA present is usually very low if the culture is negative. The sensitivity of this method may be improved by increasing the amount of pleural effusion from which DNA is extracted. We speculate that the reaction of the host against mycobacteria may be more important than the mycobacteria themselves in the pathogenesis of tuberculous pleuritis. 
